Abstract: Phytophthora capsici is a phytopathogen that causes a destructive pepper blight that is extremely difficult to control. Using a fungicide application against the disease is costly and relatively ineffective and there is also a huge environmental concern about the use of such chemicals. The genus Trichoderma has been known to have a potential biocontrol issue. In this paper we investigate the mechanism for causing the infection of T. asperellum against P. capsici. Trichoderma sp. (isolate CGMCC 6422) was developed to have a strong antagonistic action against hyphae of P. capsici through screening tests. The strain was identified as T. asperellum through using a combination of morphological characteristics and molecular data. T. asperellum was able to collapse the mycelium of the colonies of the pathogen through dual culture tests by breaking down the pathogenic hyphae into fragments. The scanning electron microscope showed that the hyphae of T. asperellum surrounded and penetrated the pathogens hyphae, resulting in hyphal collapse. The results show that seven days after inoculation, the hyphae of the pathogen were completely degraded in a dual culture. T. asperellum was also able to enter the P. capsici oospores through using oogonia and then developed hyphae and produced conidia, leading to the disintegration of the oogonia and oospores. Seven days after inoculation, an average 10.8% of the oospores were infected, but at this stage, the structures of oospores were still intact. Subsequently, the number of infected oospores increased and the oospores started to collapse. Forty-two days after inoculation, almost all the oospores were infected, with 9.3% of the structures of the oospores being intact and 90.7% of the oospores having collapsed.
Introduction
Phytophthora blight is a major disease infecting pepper (Capsicum annuum) and cucurbit crops all over the world, caused by Phytophthora capsici (Erwin and Ribeiro, 1996; Fry and Goodwin, 1997) . The pathogen causes not only root and crown rot of pepper, but also aerial blight of the leaves, fruit, and stems. The survivals of sporangia, zoospores, and hyphae of P. capsici are short lived in fields, but its thick-walled oospores are durable and play a key role in the infectious life cycle, surviving under unfavorable conditions for long periods of time and serving as a dispersal propagule when established in the soil (McDonald and Linde, 2002; Do et al., 2012) . Removing viable oospores from the field is therefore of great importance in the control of Phytophthora blight.
Oospores are regarded as the initial infection source for the disease and they are difficult to eradicate by regular use of fungicides; thus chemical control does not provide a satisfactory control mechanism. In addition, the extensive use of fungicides has resulted in the development of fungicide resistance in the P. capsici in pepper and cucurbits (Parra and Ristaino, 1998; Pennisi et al., 1998; Lamour and Hausbeck, 2000; Qi et al., 2012) . Concern has been raised about the major environmental and toxicological hazards associated with the use of fungicides and thus alternative environmentally friendly methods are needed to control the disease (Kuhajek et al., 2003) . Biocontrol alternatives have been found in the use of fungi antagonists, such as Trichoderma species. The Trichoderma species have been shown to be particularly effective in controlling phytopathogenic fungi and represent biocontrol agents that have been successfully used as biopesticides worldwide (Harman, 2006; Kaewchai et al., 2009) . The Trichoderma species inhibit plant pathogens through one or more of the following mechanisms: mycoparasitism, competition for key nutrients and colonization sites, production of antibiotics (glyotoxins, viridine, trichodermine, furanone, 6-pentyl-pyrone, and so on), or stimulation of plant defense mechanisms (Benítez et al., 2004; Reino et al., 2008; Liu et al., 2009) . Controlling chili blight, using Trichoderma sp. against P. capsici, has also been examined and the antagonistic isolates were screened. The Trichoderma species, such as T. harzianum, have excellent biocontrol potential (Sid Ahmed et al., 1999; Ezziyyani et al., 2007; Osorio-Hernandez et al., 2011) . Despite ongoing trials to identify the significant biocontrol effects of using the Trichoderma species on hyphae of P. capsici, no study has proven that the Trichoderma species are able to infect the oospores of P. capsici. In addition, ultrastructural studies have been widely used to observe the mycosparasitism of Trichoderma spp. on coiling and penetration of hyphae in plant pathogens in the Ascomycete and Basidiomycete, but few studies have investigated this approach for Oomycetes (Elad, 1988; Benhamou and Chet, 1996; Gupta et al., 1999; Kexiang et al., 2002) .
We screened isolates of Trichoderma to establish if any had a high biocontrol potential against P. capsici. One strain, Trichoderma sp. was isolated in the suburbs of Hangzhou City, China, which had strong antagonistic activity against hyphae and oospores of P. capsici. We identified this isolate, systematically observed its antagonistic activities and described its interactions between fungal hyphae and pathogenic oospores at the ultrastructural level. The results of this study are presented in this paper.
Materials and methods

Pathogen isolation and oospore preparation
The isolates of P. capsici were separated from the diseased roots of C. annuum cv. Hangxian No. 3 in the district of Hangzhou City, Zhejiang Province in March, 2011 and confirmed to be pathogenic by Kochs postulates. To produce oospores, the mating type of isolates was determined by co-inoculating potato dextrose agar (PDA) with the mycelial plugs of the testers provided by Ren-de QI (Institute of Plant Protection, Anhui Academy of Agricultural Sciences, China). All isolates obtained were identified as the A2 mating types
To obtain abundant oospores for performing assays, a pathogenic isolate (A2) and tester mating type A1 were co-inoculated in a PDA at 25 °C in darkness for 5 d, and 5-mm culture discs were paired 5 mm apart in the center of the V8 juice agar medium (V8 juice (Campbell Soup Co., USA) 10%, CaCO 3 0.1%, and Agar 2%), and then they were incubated at 20 °C in darkness. After 15 d, the plates were incubated at 25 °C in darkness for 45 d.
Isolation and screening of antagonistic isolates
Strains of Trichoderma were isolated from the soil surrounding the roots of diseased C. annuum cv. Hangxian No. 3 in the suburbs of Hangzhou City, Zhejiang Province, China, which is in an area where yearly outbreaks of pepper blight occur. Fungal isolates were grown on PDA at 25 °C in darkness for conidial production and purification was classically achieved through the isolation of a single spore (Chomnunti et al., 2014) .
The antagonistic isolates were screened using the dual culture method. Mycelial discs (5-mm diameter) from Trichoderma isolates and the pathogen isolate were placed 6 cm apart on the same PDA plate (9 mm) and all plates were incubated for one week at 25 °C in darkness. All tests were carried out using five replicates. The growths of the pathogen and Trichoderma isolates were observed and their antagonistic activities were evaluated based on the antagonism scale from class 1 to class 5 (Bell et al., 1982) . Calss 1: Trichoderma sp. grew completely on the pathogen and covered the whole surface of the culture medium; class 2: Trichoderma sp. grew on at least two-thirds of the culture medium; class 3: each Trichoderma sp. and the pathogen colonized nearly half of the culture medium and no organism dominated the other; class 4: at least two-thirds of the culture medium was colonized by the pathogen and the pathogen resisted encroachment of the antagonist; class 5: the pathogen grew completely on the Trichoderma sp. and colonized the whole surface of the culture medium.
Fungal identification
The Trichoderma isolate with highest antagonistic activity against P. capsici was identified using morphological characteristics and molecular data using phylogenetic analyses (Jaklitsch, 2009; 2011) . The colony appearance and sporulation patterns were recorded from cultures grown on PDA or cornmeal dextrose agar (CMD) at 25 °C in darkness. The morphological characteristics were captured using a Zeiss Axiophot 2 microscope with Axiocam CCD camera and Axiovision digital imaging software (AxioVision Software Release 3.1, Version 3-2002; Carl Zeiss Vision Imaging Systems).
DNA extraction, polymerase chain reaction (PCR) amplifications, and sequencing for Trichoderma strains were conducted as described by Zhang and Li (2009) . Mycelial disks were excised from the margins of the colonies and inoculated in 100 ml of liquid growth media (potato dextrose broth, PDB) in 250 ml flasks, shaken at 200 r/min at 25 °C for 4-5 d. Mycelia were then harvested by filtration, freeze-dried, ground to a fine powder in liquid nitrogen, and then were placed into a 1.5-ml tube, rehydrated in 600 μl of 2× cetyltrimethyl ammonium bromide (CTAB) buffer (100 mmol/L Tris, pH 8.0, 1.4 mol/L NaCl, 30 mmol/L ethylene diamine tetraacetic acid (EDTA), 2% hexadecyltri-methylammonium bromide), and incubated in a water bath at 65 °C for 60 min. Following a phenol/chloroform extraction, the genomic DNA was precipitated by isopropanol in the presence of sodium acetate and visualized in 1% (0.01 g/ml) agarose gels after ethidium bromide staining.
The ITS region was amplified by PCR using universal primers ITS6 (5'-GAAGGTGAAGTCGT AACAAGG-3') and ITS4 (5'-TCCTCCGCTTATTG ATATGC-3') (White et al., 1990) . A fragment of the translation elongation factor 1 α (tef1) gene was amplified using primers EF1-728F (5'-CATCGAGAA GTTCGAGAAGG-3') (Carbone and Kohn, 1999) and TEf1-R (5'-GCTGGTATCTCCAAGGATGGC-3') (Kullnig-Gradinger et al., 2002) . A fragment of the RNA polymerase II subunit B (rpb2) was amplified using the primer pair fRPB2-5f (5'-GAYGAYMG WGATCAYTTYGG-3') and fRPB2-7cr (5'-CCCAT RGCTTGTYYRCCCAT-3') (Liu et al., 1999) . The PCR amplifications were performed in a thermal cycler using the following parameters: 3 min initial denaturation at 94 °C, followed by 35 cycles of 60 s denaturation at 94 °C, 1 min primer annealing at 51 °C, 60 s extension at 72 °C, and a final extension period of 7 min at 72 °C. Each PCR product was electrophoresed in 1% (0.01 g/ml) agarose gels. After purification, the PCR product was sequenced in both directions.
To identify isolates of Trichoderma spp., sequences of ITS, tef1, and rpb2 were analyzed by the TrichOKey (Druzhinina et al., 2005) , TrichoBLAST , and the National Center for Biotechnology Information (NCBI) Nucleotide BLAST Search. Novel sequences, together with reference sequences obtained from the GenBank, were aligned using Clustal X ( Thompson et al., 1997) . Caution was used in the selection of reference sequences from the GenBank, with only those being selected from type or voucher specimens. Datasets, namely the ITS/5.8S ribosomal DNA (rDNA) dataset and combined partial tef1 and rpb2 gene datasets, were analyzed by using a maximum parsimony as implemented in PAUP* 4.0b10 (Sinauer Associates, Inc., Sunderland, MA, USA).
Antagonism of Trichoderma strains against a pathogen hyphae
The antagonistic mechanisms of T. asperellum against hyphae of P. capsici were observed by light microscopy and scanning electron microscopy (SEM). After a colony of T. asperellum contacted that of pathogen on PDA in a dual culture, interactive zones of hyphae from different time periods were cut into pieces, which were then observed directly under a light microscope or were used for SEM study.
Fixing using 3 mm×4 mm pieces was performed in 2% glutaraldehyde in a 0.2 mol/L phosphate buffer (pH 6.8-7) for 7-8 h at 24-26 °C. Afterwards, the samples were washed with 0.2 mol/L phosphate buffer (pH 6.8-7) for 2 h. The graded acetone series, consisting of 30%, 50%, 70%, 80%, 90%, and 100%, were used to dehydrate the samples. The samples were dehydrated in each grade for 30-45 min and also three times for the acetone grade 100%. After samples were completely dehydrated, they were dried using a drier (HCP-2, Hitachi). After mounting the samples on stubs, gold (200-nm thickness) was used to coat the samples in a sputter coater (JFC-1600, JEOL). Finally, SEM (JSM-6360LV, JEOL Ltd.) was used to examine the coated samples at 10 kV.
Antagonism of Trichoderma strain against oospores
After pathogenic isolate 01 (A2) and tester mating type A1 were incubated in a V8 juice medium for two months as described above, a dense oospore zone was cut into pieces (1 cm×1 cm). In a plate containing fresh PDA, 4 pieces (1 cm×1 cm), which were 2 cm from the center of the plate on cross direction, were removed and then pieces (with the same size) containing oospores were placed into the same position. A disc (diameter 5 mm) containing mycelium of antagonistic isolate of T. asperellum was inoculated into the center of the plate. The plate was incubated at 25 °C in darkness. After the hyphae contacted the oospores, pieces were cut from the oospore zones at 5, 10, 15, 20, and 40 d for light and electron microscopy observation.
The light microscopy was used to estimate degree of antagonism against the oospores in different time periods. Excess agar was removed from the pieces containing oospore and the pieces were stained with 1% aniline blue solution for 5 min, and then mounted on slides and examined with a microscope under oil immersion. The tests were carried out in five replicates and at least 500 oospores were observed. The degree of antagonism against the oospores was divided into three types, including the infected oogonia, infected oospores, and collapsed oospores (Fig. 1 ). Infected oogonium: the oogonium was penetrated by the hyphae of the antagonist and the periplasm was stained with blue, but the oospore was not infected (without staining). Infected oospore: the oospore was infected (stained blue) and it became abnormal or disintegrated within an oogonium. Collapsed oospores: the oognium and oospore were degraded into fragments which contained hyphae and conidia among them. During each time period, infected oogonia, infected oospores, and collapsed oospores were counted using the formula: N uni =N tot − (N 1 +N 2 +N 3 ) , where N uni is the number of uninfected oogonia and oospores; N tot is the total number of oospores examined; N 1 , N 2 , and N 3 are the numbers of infected oogonia, infected oospores, and collapsed oospores, respectively. The analysis of the variance in a completely randomized design test was performed using SPSS (Version 17, Chicago, IL, USA).
Using transmission electron microscopy, the ultrastructural characteristics of the interaction between the antagonist and oospores were observed. The pieces (approximately 1 mm×2 mm 2 ) containing dense oospores were placed in 2.5% glutaraldehyde in a 0.1 mol/L sodium phosphate buffer (pH 7.0) for 18 h at 4 °C. The same buffer was used to wash each of the samples six times. The samples were post-fixed with 1% (0.01 g/ml) osmium tetroxide in the same buffer for 2-3 h at 22 °C.
The samples were completely washed with a 0.2 mol/L phosphate buffer (pH 6.8), and dehydrated using a graded series of ethanol. Pieces were embedded in Spurr's epoxy resin. Light microscopy was used to identify the sites containing oospores. A Reichert-Jung UltracutE ultramicrotome with a diamond knife was used to cut the ultrathin sections. The 
10 µm ultrathin pieces were collected using formvar-coated slot copper grids. After drying, the grids were stained with uranyl acetate and lead citrate. Lastly a transmission electron microscope with a Gatan 832 CCD camera (Hitachi H-7650, Tokyo, Japan) was used to examine the grids at 80 kV.
Results
Screening for antagonistic isolates
Of the 62 Trichoderma isolates screened, the antagonism was only slightly apparent or not at all when compared to P. capsici for 80% of Trichoderma (antagonism class for 3-5) and was very apparent for 13.5% (antagonism class for 2). Four isolates (antagonism class for 1) showed a strong activity against the hyphae of P. capsici, while the isolate CGMCC 6422 displayed the greatest activity and it was deposited in the China General Microbiological Culture Collection Center (CGMCC) and culture collections of the Institute of Biotechnology, College of Agriculture and Biotechnology, Zhejiang University, China.
Identification of antagonistic isolates
Based on morphological characteristics of conidia, conidiophores, phialides, and chlamydospores on CMD, the isolate Trichoderma sp. CGMCC 6422 was identified as T. asperellum, as described in the Trichoderma Home (http://nt.ars-grin.gov/taxadescriptions/ keys/TrichodermaIndex.cfm). TrichOKey, Tricho-BLAST and the NCBI Nucleotide BLAST Search also showed that isolate CGMCC 6422 was related closely to T. asperellum. Phylogenetic analysis showed that isolate Trichoderma CGMCC 6422 clustered together with the reference isolate GJS907 of T. asperellum, with 100% bootstrap support (Fig. 2) . A combination of morphological and molecular data clearly indicated that isolate Trichoderma CGMCC 6422 is the same species as T. asperellum.
Antagonism of Trichoderma isolate CGMCC 6422 against hyphae of P. capsici
The antagonism of T. asperellum (strain CGMCC 6422) against P. capsici was observed further in dual culture. After 40 h following inoculation, the hyphae of T. asperellum had outgrown the colony margin of 
T. spp. CGMCC6422 KF425754 KF425755 KF425756
T. asperellum GJS907 GU198317 EU338333 EU338337
T. theobromicola Dis376f EU856296 EU856322 FJ150786
T. paucisporum GJS0113 DQ109526 DQ109540 FJ150787 T. paucisporum GJS0369 DQ109527 DQ109541 EU883560
T. hamatum GJS04325 EU856293 EU856318 FJ150783
T. hamatum GJS05262 EU856292 EU856317 FJ150782 T. pubescens Dis391b EU856279 EU856303 FJ150767
T. pubescens DAOM166162 EU280121 EU279963 EU248613
T. pubescens GJS01207 EU856280 EU856304 FJ150768
T. strigosum DAOM166121 EU280120 AY937442 AF545556
H. rufa CBS119325 DQ677655 DQ672615 EU711362
H. atroviridis CBS119499 FJ860726 FJ860611 FJ860518 H. valdunensis CBS120923 FJ860863 FJ860717 FJ860605
H. junci CBS120926 FJ860761 FJ860641 FJ860540
H. stilbohypoxyli GJS9632 AY380915 AY376062 EU241501
H. koningii GJS9018 DQ323409 DQ289007 EU248600
T. koningiopsis GJS0411 DQ323421 DQ289009 EU241511
T. intricatum GJS0278 EU264002 EU248630 EU241505 H. ochroleuca CBS119502 FJ860793 FJ860659 FJ860556 P. capsici and caused partial mycelial collapse (Fig. 3a) . In light micrographs, hyphae of P. capsici were degraded into fragments (Fig. 3b) . SEM observation revealed two modes of antagonism by T. asperellum against P. capsici. After contact, hyphae of T. asperellum formed dense coils and tightly encircled the hyphae of P. capsici (Fig. 3c) . At this stage, the hyphae of P. capsici were intact (Fig. 3c) . Hyphae of T. asperellum surrounding the hyphae of P. capsici caused a wrinkled appearance or caused the hyphae to collapse (Fig. 3f) . In another mode, hyphal apices of T. asperellum came into contact and penetrated the hyphae of P. capsici, resulting in hyphal collapse (Figs. 3d  and 3e ). Seven days after inoculation, colonies of P. capsici were disintegrated completely and numerous conidia of T. asperellum were produced (Fig. 3g) .
Antagonism of T. asperellum against oospores of P. capsici
The hyphae of T. asperellum could infect oospores of P. capsici and cause oospores to finally disintegrate. In the process of infection, fungal hyphae first penetrated the oogonia to go into the periplasms that were stained blue seven days after inoculation (Fig. 4a) , apparently the purple-yellowish oospores were not infected. Occasionally, oospores infected by T. asperellum also were found and stained blue with irregularly waved inner walls (Fig. 3a) , but the oospore structures were intact with abnormal or disintegrated ooplast within an oogonium. Twelve days after inoculation, the oospores collapsed (Fig. 4b) . At this stage, it was difficult to observe fungal hyphae and conidia. Subsequently, the oospores were broken into small fragments surrounded by partially ruptured walls of oogonia and fungal hyphae and rounded conidia developed (Fig. 4c) . With the increase in the number of collapsed oospores, the cracked oogonia were also completely disintegrated (Figs. 4d and 4e) . In the process of infection of the oospores by T. asperellum, the numbers of infected oogonia, infected oospores, and collapsed oospores changed with time, as shown in Fig. 5 . Seven days after inoculation, 10.8% of the oogonia and few oospores (2.1%) were infected but no collapsed oospores were found. Most of the oogonia and oospores (87.2%) were not infected. Twelve days after inoculation, fungal hyphal development and conidia, which were produced within the oogonia, caused the oospores to collapse and the number of collapsed oospores (21.8%) increased significantly (P<0.05). The number of infected oogonia (13.6%) and infected oospores (10.0%) also increased significantly. At this stage, almost half of the oogonia and oospores (45.4%) were uninfected. After 17 d, the number of collapsed oospores increased significantly and reached 45.4%. During this period, the hyphae of T. asperellum produced numerous conidia within the collapsed oospores with or without cracked oogonia. After 22 d, 78.2% of the oogonia and oospores were infected and among them, the number of collapsed oospores reached 51.6% but for the period from 17 to 22 d, the differences in the percentage of infected oogonia and oospores were not significant (P<0.05). By 42 d, almost all of the oogonia and oospores were infected and among them, an overwhelming majority of oospores were completely broken into fragments.
Interaction between antagonistic hyphae and oospores
Transmission electron micrographs revealed the mechanism of interaction between the hyphae of T. asperellum and the oospores of P. capsici. The hyphae of T. asperellum penetrated the oogonium to form a small hyphal cluster between the oogonium and oospore (Figs. 6a and 6b) . In some cases, there was no significant change in the hyphal diameters when penetrating the oogonium wall, but the hyphae caused the oogonial wall to rupture (Fig. 6b) . However, in other cases, the hyphae became very narrow when penetrating the oogonium wall and the fungal hyphae of T. asperellum were in close contact with the oogonium walls (Fig. 6g) .
At the same stage of development (twelve days after inoculation), a normal mature oospore with an oogonium developed about a 0.1-μm thick electrondense outer wall and a 4.0-4.5-μm thick electrontransparent inner wall (Fig. 6h) . The oogonial wall was electron-dense, 0.45 μm thick, and the periplast between the wall of the oogonium and outer wall of the oospores disappeared or shrunk to a few electronopaque small residual bodies. The ooplast vacuoles with fewer granules were electron-transparent and scattered in a uniform cytoplasm (Fig. 6h) . However, among the oospores infected by hyphae of T. asperellum, almost all oospores first disintegrated and then the most striking characteristic was that the contents surrounded by an outer oospore wall were homogeneous and electron-transparent (Figs. 6a, 6c , and 6e). Apparently, the oospores which had become infected died at this stage because the differences between the oospore wall and cytoplasms were not distinguishable. After the hyphae of T. asperellum had penetrated an oogonium, numerous hyphae propagated between the oogonium and the oospore, and some hyphae were in close contact with the outer wall of the oospore, resulting in its outer wall becoming deeply invaginated (Figs. 6c and 6d) . When a large number of the hyphae filled the space between the oogonium and oospore, this caused the outer wall of the oospores to severely invaginate. Meanwhile, the outer walls of the oospores were apparently degraded (Figs. 6e and 6f) . Finally, the oogonia and oospores were completely disintegrated (data not shown). This is the first reported mechanism of the interaction between the hyphae of T. asperellum and the oospore of P. capsici at the ultrastructural level. 
Discussion
The species of the genus Trichoderma are ubiquitous in the environment and especially in the soil. Several species of Trichoderma have been shown to be particularly effective in the control of P. capsici, and are used as biocontrol agents for controlling pepper blight (Sid Ahmed et al., 1999; Ezziyyani et al., 2007; Osorio-Hernandez et al., 2011) . However, it is unclear whether these fungi also have antagonistic activities against the oospores of P. capsici. Our results first demonstrated that isolates of T. asperellum with antagonistic activities against the hyphae of P. capsici were also able to infect the oospores of P. capsici. This reveals a new application potential of Trichoderma spp. for controlling Phytophthora blight in fields with oospore colonization.
Oospores of P. capsici play a key role in overwintering and as the source of a primary infection. The percentage of oospore germination was used as an evaluation indicator for estimating the survival of oospores in soils. However, some studies showed that the ratio of oospore germination in the case of P. capsici (heterothallic) was very low, ranging from 0 to 51% (Satour and Butler, 1968; Ribeiro et al., 1975; Boccas, 1981; Papavizas et al., 1981; Hord and Ristaino, 1991) . The ratio of low germination maybe attributed to some complicated reasons, such as oospore dormancy and abnormal development (Etxeberria et al., 2011) . Assuredly, our observations indicated that almost all oospores were fully developed in more than two and a half months, as described by Hemmes and Bartnicki-Garcia (1975) , but ultrastructural observations indicated that a few oospores were abortive during the process of their development (Figs. 7a and 7b ). These oospores within the oogonia became smaller in size and the oogonial walls were relatively thin, leading to large spaces between an oospore and an oogonium. Apparently, they were abnormal compared with fully developed oospores (Fig. 6h) . Although in this stage the hyphae of T. asperellum infected oospores and also caused the oospores to be malformed or entire oospores to be degraded (Figs. 7c and 7d) , the oospores occupied most of space within the oogonium and their oogonial walls were distinctly thick, being the same as that of a fully developed oogonium. Therefore, our results imply that the abortive oospores possibly contribute to the low germination ratio of oospores. Evaluation of a number of infected and collapsed oospores is essential to screen biocontrol isolates with highly antagonistic activity. Although electron microscopy provides the fine details of ultrastructural characteristics for our understanding of the interaction between oospores and the hyphae of T. asperellum, it is not suitable for a lot of sample observation due to its time-consuming process and high costs. A convenient staining method was established for observing infected and degraded oospores by light microscopy. Oospores without infection could not be stained by aniline blue. After an oogonium was penetrated by the hyphae of T. asperellum, the space with or without less periplast between oogonium and oospore walls was filled by blue dye but the oospore was not stained. When an oospore was infected, the entire oospore took on a blue color within an oogonium. With fungal development, a few hyphae could be found within a collapsed oospore. Finally, oogonia and oospores were disintegrated into fragments containing fungal hyphae and conidia. So this method can be used effectively for estimating the degree of antagonism against oospores, but in principle, it is not different from the determination of viability of P. capsici oospores with the tetrazolium bromide staining and plasmolysis method (Etxeberria et al., 2011) .
In conclusion, our results display a huge potential for T. asperellum isolate CGMCC 6422 as valuable biocontrol agents for controlling pepper blight. To the best of our knowledge, this paper is the first to provide direct evidence that Trichoderma spp. are capable of killing oospores of P. capsici. This study provides a foundation for further investigating the antagonistic effects of Trichoderma spp. on oospores in the soil environment.
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